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1. Introduction 
The 2010 Northern Hemisphere summer included severe heat waves that impacted the 
European continent as a whole, along with parts of, Russia during June, July and August 
2010. The 2010 summer heat wave over several parts of Russia was extraordinary, with the 
region experiencing the warmest July since at least 1880. During summer 2010 all of Europe 
lies under controlling of blocking systems that persist long time. The formation, persistence, 
and the role played by blocking systems in abnormal weather and climate in the northern 
hemisphere challenged in several scientific literatures (e.g; Rex,1951; Namias, 1964, 1978; 
Dickson & Namias,1976; Dole, 1983); Hafez, 1997; Lejenas, 1989; Cohen, et al., 2001; and 
recently Hafez, 2008b and 2011). For heat waves, (Stott et al., 2004), for the 2003 western 
European heat wave, they found that, human influences are estimated to have at least 
doubled the risk for such an extreme event. Other boundary forcing also contributed to the 
2003 European heat wave, including anomalous sea surface temperatures (SSTs) (Feudale & 
Shukla, 2010). (Dole et al., 2011) studied the 2010 northern hemisphere summer to explore 
whether early warning could have been provided through knowledge of natural and 
human-caused climate forcings. They used Model simulations and observational data to 
determine the impact of observed sea surface temperatures (SSTs), sea ice conditions and 
greenhouse gas concentrations. They found that, analysis of forced model simulations 
indicates that neither human influences nor other slowly evolving ocean boundary 
conditions contributed substantially to the magnitude of this heat wave. Analysis of 
observations indicate that this heat wave was mainly due to internal atmospheric dynamical 
processes that produced and maintained a strong and long-lived blocking event, and that 
similar atmospheric patterns have occurred with prior heat waves in this region. They 
concluded that the intense 2010 Russian heat wave was mainly due to natural internal 
atmospheric variability. However, A heat wave is a prolonged period of excessively hot 
weather, which may be accompanied by high humidity. There is no universal definition of a 
heat wave, the term is relative to the usual weather in the area. Temperatures that people 
from a hotter climate consider normal can be termed a heat wave in a cooler area if they are 
outside the normal climate pattern for that area. The term is applied both to routine weather 
variations and to extraordinary spells of heat which may occur only once a century. Severe 
www.intechopen.com
 
Atmospheric Model Applications 
 
138 
heat waves have caused catastrophic crop failures, thousands of deaths from hyperthermia, 
and widespread power outages due to increased use of air conditioning (Meehl et al., 2004). 
The goal of the present work is to uncover the primary causes of long persistence of 
blocking systems over the north atmosphere and its teleconnection with the Russian hot 
wave in summer 2010. 
2. Data and methodology 
The monthly and seasonal time series NCEP/NCAR reanalysis data composites for 
temperature, geopotential height at level 500 hpa over the northern hemisphere for the 
period (1980-2010) has been used through the present study(Kalnay et al., 1996). The daily 
NCEP/NCAR reanalysis data composites are used to study the persistence of blocking 
systems over the northern hemisphere through 91 days (1 Jun. - 30 Aug.) 2010 year. In 
addition to that, time series of surface temperature, geopotantial height over Russia, NAO 
and SOI data through the summer seasons from 1980 to 2010 had been plotted and 
discussed. Anomalies and correlation coefficient methods have been used to analyzed the 
datasets. Correlation coefficient analysis of these time series was done. 
3. Results 
3.1 Study of the synoptic situation and blocking high over Russia on summer of 2010 
Russia is occupied a very vast area 17,075,200 sq km in Northern Asia (that part west of the 
Urals is included with Europe), bordering the Arctic Ocean, between Europe and the North 
Pacific Ocean. Climate of Russia ranges from steppes in the south through humid 
continental in much of European Russia; subarctic in Siberia to tundra climate in the polar 
north; winters vary from cool along Black Sea coast to frigid in Siberia; summers vary from 
warm in the steppes to cool along Arctic coast. Figure 1 is the geographical map for location 
of Russia. Since Russia has a vast area it is include several distinct climatic zones. Where as, 
the western parts of it has its common weather features rather than the eastern part. Also 
the climate of the north Russia is completely different of it at the southern bounders. For 
example, in its capital, Moscow, the climate is exposed to cold winters, warm and mild 
summers, and very brief spring and autumn seasons. Typical high temperatures in the 
warm months of July and August are around 22°C; in the winter, temperatures normally 
drop to approximately -12°C. Monthly rainfall totals vary minimally throughout the year, 
although the precipitation levels tend to be higher during the summer than during the 
winter. Due to the significant variation in temperature between the winter and summer 
months as well as the limited fluctuation in precipitation levels during the summer, Moscow 
is considered to be within a continental climate zone. In summer of 2010 weather regime 
Moscow and several parts of Russia becomes a unique severe hot weather see Figure 2. The 
anomalies in surface air temperature recorded its maximum value (+6° C) in that summer 
season through the mean average of the period (1980-2010) as it is clear in Figure 3. 
(Razuvaev et al., 2010) said that, the center of European Russia was well covered by 
meteorological observations for the past 130 years. These data, historical weather records 
(yearbooks or "letopisi" , which were carried on in the major Russian monasteries), and 
finally, dendroclimatological information, all show that this summer temperature anomaly 
was well above all known extremes in the past 1000 years. A 60-days-long hot anticyclonic 
weather system with daily temperature anomalies as high as +10° C. The extreme heat, lack  
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Fig. 1. The geographical map for location of Russia. [Source: climatezone.com] 
 
Fig. 2. Shows temperature anomalies for July 20-27 relative to the average for the same dates 
2000-2008. [Source: http://earthobservatory.nasa.gov/IOTD/viewphp?id=45069]  
of precipitation, and forest fires have caused hundreds of deaths and multimillion dollars in 
property losses. Indirect losses of lives due to this weather anomaly, with the ensuing fires 
and related air pollution. In the present study the synoptic situation over Russia through 
2010 summer season has been studied using of temperature and geopotential height at 500 
hpa level data. Figures 3 and 4 illustrated that there positive surface air and upper level 
temperature at 500 hpa anomalies ( +6°C and + 3°C ) over Russia during months of 2010  
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Fig. 3. The global distribution of surface air temperature (C) anomaly for summer 2010 
summer season respectively. During this time land surface temperature anomalies over the 
western part of Russia recorded its extremely maximum value in July +12°C, see Figure 2. 
The synoptic and numeric criteria of the formation of blocking systems over northern 
hemisphere according to ( Rex, 1950a, 1950b, 1951; Dole, 1978,1982, and Hafez, 1997 ) had 
been used to identify and to follow the daily persistence of the blocking systems. These 
criteria have basic conditions like as; the westerly air current aloft must splitting to two 
distinct branches, this splitting must be northern latitude of 30 N, the anomalies in 
geopotential height values at 500 hpa must be more than + 100 m for blocking high pressure 
system and these conditions must persist more than 10 days. Appling this criteria in the 
present study revealed that western Russia lies under the influence of blocking system 
about 75 days during the period of study 92 days which are the days of summer 2010. A 60 
days of it through July and August months. Whereas the blocking system developed over 
western Russia in the next have of June 2010.This blocking episode over the northern 
hemisphere and mainly over Russia persisted to long time reached to the time of this season. 
Figure 5 shows the anomalies in geopotential height during summer 2010. It is clear that 
there are a notably positive anomalies over western Russia. Figures 6, 7 and 8 illustrated a 
10-day anomalies of geopotential height at 500 hpa level distribution over Russia during 
June, July and August months of summer 2010 respectively. In fact the blocking time 
duration start from one week to a complete season. The historical record of blocking 
episodes indicated that the episodes that persist for a season are too rarely. The long  
www.intechopen.com
Blocking Systems Persist over North Hemisphere and Its  
Role in Extreme Hot Waves over Russia During Summer 2010 
 
141 
 
Fig. 4. The global distribution of 500 mb level air temperature (C) anomaly for summer 2010 
 
 
Fig. 5. The northern atmosphere distribution of geopotential height (m) anomaly for 
summer 2010 
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(a)  
 
(b)   
 
(c)   
 
Fig. 6. A 10-day distribution of 500mb geopotential height (m) anomaly over Russia for June 
month of year 2010 
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(a)   
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(c)   
 
Fig. 7. A 10-day distribution of 500mb geopotential height (m) anomaly over Russia for July 
month of year 2010 
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(a)  
 
(b)  
 
(c)  
 
Fig. 8. A 10-day distribution of 500mb geopotential height (m) anomaly over Russia for 
August month of year 2010 
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persistence of a block means that there are an extreme disturbances in the large scale 
atmospheric circulation. The disturbance in the atmospheric circulation is not easy to persist 
for a long time like a one season in summer 2010. For the purpose of the present study we 
consider that, a hot wave is a heat wave with extreme anomalies in surface air temperature 
more than 5 °C through a ten days. A study of a 10-day anomalies in surface air temperature 
over Russia in the same summer has been done, see Figures 9, 10 and 11. It is noticed that 
the location of hot waves (hot wave in the present study indicated by positive anomalies in 
surface air temperature more than 5 °C through a ten days) was matched with the blocking 
high pressure location in the upper atmosphere.  
3.3 Study the variation of NAO, SOI and geopotential height over Russia through 
period of (1980-2010) summer seasons 
3.3.1 The variation of NAO 
The North Atlantic Oscillation (NAO) is one of the major modes of variability of the 
Northern Hemisphere atmosphere. The NAO index is defined as the pressure gradient 
between Greenland and the Azores and describes the zonality of the flow in the North 
Atlantic region. i.e., NAO is the difference of the normalized sea level pressures between 
Ponta Delgada, Azores and Reykjavik, Iceland. It is particularly important in winter, when it 
exerts a strong control on the climate of the Northern Hemisphere. It is also the season that 
exhibits the strongest interdecadal variability. However, NAO is associated with changes in 
the system of westerly winds across the North Atlantic onto Europe. The state of this North 
Atlantic Oscillation (NAO) is positive when the Azores high is strong and the Icelandic low 
is deep and negative when reversed. Both phases are associated with changes in the 
intensity and location of the North Atlantic westerlies, jet stream and storm tracks, and with 
resulting changes in temperature and precipitation patterns The NAO can be seen as a 
reflection of the fluctuation of the normal winter tropospheric flow in the northern 
hemisphere (Rogers,1985; Hurrell, 1995; Ambaum, 2001; Rogers, & McHugh 2002). In the 
present work, the variability in NAO through the period (1980-2010) has been studied. The 
results of analysis of NAO dataset through the period (1980-2010) of summer seasons shows 
that NAO values in summer months (June, July and August) varies from year to year during 
the period of study. It is noticed that through summer of 2010 the NAO has negative values 
( -2.4 and -2.01) for months of June and August respectively. Meanwhile it was a very weak 
positive value (+0.06) for July as shown in Figure 12.The NAO value for July 2010 is the 
lowest positive value recorded through the period (1980-2010). So, in general one can say 
that, summer of 2010 has a characteristics of negative NAO phase weather regime.  
In addition to that, study of daily NAO dataset represent the summer season of 2010 
revealed that almost of these days had a negative NAO values. The days of positive NAO 
values occurred mainly in July month, as it is clear in Figure 13. The main features of this 
analysis is that the daily NAO has a negative phase weather conditions through that 
summer. On14 August 2010 the NAO recorded the lowest negative value (-2.01) recorded 
per a day.  
3.3.2 The variation of SOI 
The southern oscillation index (SOI) is defined as the difference between sea level pressure 
at Tahiti (145° W and 18° S) and Darwin (135° E and 16° S). SOI is coupled with El-Nino  
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(a)   
 
(b)  
 
(c)  
 
Fig. 9. A 10-day distribution of surface air temperature (°C) anomaly over Russia for June 
month of year 2010 
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(a)  
 
(b)   
 
(c)  
 
Fig. 10. A 10-day distribution of surface air temperature (°C) anomaly over Russia for July 
month of year 2010 
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(a)  
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(c)   
 
Fig. 11. A 10-day distribution of surface air temperature (°C) anomaly over Russia for 
August month of year 2010 
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Fig. 12. The timeseries of monthly NAO values for months of June, July and August for the 
period (1980-2010) 
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Fig. 13. The timeseries of daily NAO values for months of summer season of year 2010(NAO 
daily data for last week of August is missed) 
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which is called ENSO. Whereas, El Nino is the name given to the phenomenon, which 
occurs when sea-surface temperatures (SSTs) in the equatorial Pacific Ocean off the South 
American coast becomes warmer than normal. Nino3 is defined as the sea surface 
temperature at the Pacific Ocean in the region (90 °W – 150 °W, 5° S -5° N), (Trenberth,1976). 
Many studies have shown that the El Nino–Southern Oscillation (ENSO) has a significant 
influence on climate in many parts of the globe (Malmgren,1998). 
In the present study, the variability in SOI through the summer seasons study period (1981-
2010) has been studied. The results of analysis of monthly SOI dataset through this period of 
shows that sign of SOI values in summer months (June, July and August) varies from year 
to year. It is varied strongly mainly through the period (1980-2000). Meanwhile the SOI 
values has a little variation through the period (2001-2009). It is noticed that through 
summer of 2010 the SOI has extreme climatic positives (+20.5 and +18.8) for July and August 
months respectively. Also, SOI has a positive value +1.8 in June of this summer season. It is 
shown in Figure 14 that represents the monthly variation of SOI through the period (1980-
2010). So, in general one can say that, summer of 2010 has a characteristics of extreme 
climatic positive SOI phase weather regime mainly on July and August. Also, study of daily 
SOI dataset for 92 days represent the summer season of 2010 shows that almost of these 
days had an extreme maximum positive SOI values. The days of extreme positive SOI 
values occurred mainly in July and August months, as it is illustrated in Figure 15. The main 
features of this analysis is that the daily SOI has an extreme positive phase weather 
conditions through that summer. The recorded SOI value during July 2010 never reached to 
this value for July month since the recording of SOI data. Whereas, 27 July 2010 observe a  
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Fig. 14. The timeseries of monthly SOI values for months of June, July and August for the 
period (1980-2010) 
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Fig. 15. The timeseries of daily SOI values for months of summer season of year 2010 
daily new climatic SOI record value (+35.02). This value never reached through summer 
seasons of all SOI records. 
3.3.3 The variation of the geopotential height 
The time series of monthly variation of the geopotential height at level of 500 hpa over 
Russia during summer months of June, July and August through the period (1980-2010) had 
been plotted , analyzed and discussed. This dataset comes from the monthly mean values 
over the Russia area [40° N – 80° N] latitudes and [28° E -190° E] longitudes. The results 
revealed that the monthly geopotential height values varies from year to year for each 
month. The geopotential values are increase from June to July and decrease toward August. 
It is noticed that these values varied little variation on July months for the period (1999-
2009) as shown in Figure 16. Month of July on 2010 record a first maxima of geopotential 
height values (5671m). Whereas, The maximum value is (5682 m) reached on 1998 July. The 
geopotential height values for the summer months of 2010 are greater than that on 2009. 
3.3.4 The variation of the surface air temperature 
The time series of monthly variation of the surface air temperature over Russia during 
summer months of June, July and August through the period (1980-2010) had been analyzed. 
This dataset comes from the monthly mean values over the Russia area. The results revealed 
that the variation in surface air temperature is typical in general with the variation of 
geopotential height values from year to year for each month. See Figures 16 and 17. Whereas, 
the surface air temperature values are increase from June to July and decrease toward 
August. It is noticed that these values varied little variation on July months for the period 
(1999-2009) as shown in Figure 17. Month of July on 2010 record the maximum value  
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Fig. 16. Timeseries of geopotential height over Russia for summer months June, July and 
August through the period (1980-2010) 
is (14 °C) reached. Also, Month of August 2010 record the maximum value is (14 °C) reached 
through the period (1980-2010). The temperature values for the summer months of 2010 are 
greater than that on 2009 as it is shown in Figure 17. 
3.4 Teleconnection between hot waves over Russia and climatic indices NAO and SOI 
and blocking systems 
Teleconnection patterns reflect large-scale changes in the atmospheric wave and jet stream 
patterns, and influence temperature, rainfall, storm tracks, and jet stream location and 
intensity over vast areas (e.g. Hafez, 2008b). Thus, they are often the culprit responsible for 
abnormal weather patterns occurring simultaneously over seemingly vast distances. 
Through this section, a correlation coefficient analysis according to (Spiegel, 1961) has been 
done between the hot waves(represents by anomalies in surface temperature) and blocking 
highs (represents in anomalies in geopotential height at 500 hpa), and climatic indices NAO 
and SOI. The datasets for all of these parameters had been taken for the period (1980-2010). 
The results revealed that, for June month, there exist a very strong, high significant positive 
correlation coefficient (+0.675) with a significant level of 0.99 % between anomalies in 
surface air temperature and geopotential height over Russia for month of June through the 
period of study. In addition to that through , anomalies in surface air temperature has a 
significant negative correlation coefficient (-0.205) with a significant level of 0.95 % with  
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Fig. 17. Timeseries of surface air temperature over Russia for summer months June, July and 
August through the period (1980-2010) 
NAO. Also, the results show that there is a strong significant positive correlation coefficient 
(0.299) with a significant level of 0.97% between the anomalies of surface air temperature 
over Russia and SOI as shown in Table(1).  
 
Correlation
coefficient
 
Weather and 
climatic parameters 
Surface air 
temperature over 
Russia 
Geopotential 
height at 500 hpa 
level over Russia 
NAO SOI 
Surface air 
temperature over 
Russia 
1 +0.675 -0.205 +0.299 
Geopotential height 
at 500 hpa level over 
Russia 
+0.675 1 -0.019 +0.343 
NAO -0.205 -0.019 1 -0.086 
SOI +0.299 +0.343 -0.086 1 
Table 1. Correlation coefficient matrix for Weather and climatic parameters over Russia and 
climatic indices NAO and SOI for June month 
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The results revealed that, for July month, there exist a very strong, high significant positive 
correlation coefficient (+0.764) with a significant level more than 0.99 % between anomalies 
in surface air temperature and geopotential height over Russia through the period of study. 
In addition to that through , anomalies in surface air temperature has a significant negative 
correlation coefficient (-0.289) with a significant level of 0.95 % with NAO. Also, the results 
show that there is a strong significant positive correlation coefficient (+0.477) with a 
significant level of 0.975% between the anomalies of surface air temperature over Russia and 
SOI as shown in Table(2).  
 
Correlation
coefficient
 
Weather and 
climatic parameters 
Surface air 
temperature over 
Russia 
Geopotential height 
at 500 hpa level over 
Russia 
NAO SOI 
Surface air 
temperature over 
Russia 
1 +0.764 -0.289 +0.477 
Geopotential height 
at 500 hpa level over 
Russia 
+0.764 1 -0.06479 +0.573 
NAO -0.289 -0.064 1 +0.217 
SOI +0.477 +0.573 +0.217 1 
Table 2. Correlation coefficient matrix for Weather and climatic parameters over Russia and 
climatic indices NAO and SOI for July month 
For August month, there exist a strong, high significant positive correlation coefficient 
(+0.605) with a significant level more than 0.97 % between anomalies in surface air 
temperature and geopotential height over Russia through the period of study. In addition to 
that, anomalies in surface air temperature has a significant negative correlation coefficient (-
0.285) with a significant level of 0.95 % with NAO. Also, the results show that there is a 
strong significant positive correlation coefficient (+0.264) with a significant level of 0.90 % 
between the anomalies of surface air temperature over Russia and SOI as shown in Table(3).  
 
Correlation
coefficient
 
Weather and 
climatic parameters 
Surface air 
temperature over 
Russia 
Geopotential height 
at 500 hpa level over 
Russia 
NAO SOI 
Surface air 
temperature over 
Russia 
1 +0.605 -0.285 +0.264 
Geopotential height 
at 500 hpa level over 
Russia 
+0.605 1 -0.101 +0.255 
NAO -0.285 -0.101 1 +0.018 
SOI +0.264 +0.255 +0.0184 1 
Table 3. Correlation coefficient matrix for weather and climatic parameters over Russia and 
climatic indices NAO and SOI for August month 
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4. Discussion and conclusion 
Abnormal hot and dry weather has hit Russian regions in the summer of 2010. Many 
Russians are suffering from the record-breaking heat and the worst drought in 40 years. 
Russia was not import grain this year despite drought wiping out a quarter of its crops. The 
present study the hot wave over Russia on summer 2010 are a result of extreme global 
atmospheric abnormal interaction between the southern hemisphere(represented by SOI) 
and the northern hemisphere (represented by NAO) through that season. Abnormal 
interaction between these two major climatic indices of pressure systems that controlling the 
atmospheric dynamic in the globe generates a unique blocking high over the northern 
hemisphere. This blocking high persisted for a long time over Russia about 80 days with 
anomalies in geopotential height more than +100 m in 500 hpa level. The long persistence of 
this episode is due to the long abnormal interaction between SOI and NAO through that 
summer. The blocking high over Russia associated with abnormal warming in the upper 
atmosphere and causing of very extreme heating in the surface. Hot waves over Russia are a 
results of the long persistence of the blocking high episode that existed from the abnormal 
atmospheric interactions in the globe. One can concluded that, extreme flow air currants in 
both hemispheres (represented in the extreme values of NAO and SOI)disturb the flow to be 
stationary and blocked the air current flow aloft over the northern hemisphere during 
summer 2010. The hot waves over Russia is a result from the extreme atmospheric climatic 
interaction between both hemispheres. 
5. Acknowledgment 
It is a pleasure to the author to thank the Earth System Research Laboratory, Physical 
Sciences Division, Climate Diagnostics Centre for supporting the data used throughout this 
study. Plots and images were provided by the NOAA-CIRES Climate Diagnostics Centre, 
Boulder, Colorado, USA from their Web site at www.esrl.noaa.gov/psd/. Also, thanks to 
the Climate Prediction Centre for supporting the NAO and SOI data which obtained 
through the website http://www.cpc.ncep.noaa.gov. 
6. References 
Ambaum, M. H. , Hoskins, B. & Stephenson D. B. (2001). Arctic Oscillation or North Atlantic 
Oscillation?. J. Climate., 14, 3495–3507. 
Cohen J, Saito K, Entekhabi, D.(2001). The role of the Siberian high in Northern Hemisphere 
climate variability. Geophys Res Lett 2001;28(2):299-302. 
Dickson, R. R., & Namis, J. (1976). North America influences on the circulation and climate of the 
North Atlantic sector. Mon. Wea. Rev., 104, 1255-1265. 
Dole, R., Hoerling, M., Perlwitz, J., Eischeid, J., Pegion, P., Zhang, T., Quan, X.-W., Xu, T. & 
Murray, D. (2011). Was there a basis for anticipating the 2010 Russian heat wave? 
Geophysical Research Letters 38: 10.1029/2010GL046582. 
Dole, R. M., and Gordon, N. D. (1983). Persistent anomalies of the extra-tropical Northern 
Hemisphere wintertime circulation: Geographical distribution and regional persistence 
characteristics. Mon. Wea. Rev., 111, 1567–1586. 
Dole, R. M.(1982). Persistent anomalies of the extratropical Northern Hemisphere wintertime 
circulation. PH. D. THESIS. Massachusetts institute of technology. 
www.intechopen.com
 
Atmospheric Model Applications 
 
156 
Dole, R. M.(1978). The objective representation of blocking patterns. In the general circulation 
theory, modelling and objections. Notes from a colloquium summer. NCAR/CQ 6+ 
1978- ASP, 406-426. 
Feudale, L., and Shukla, J. (2010). Influence of sea surface temperature on the European heat wave 
of 2003 summer. Part II: a modeling study. Clim. Dyn., doi 10.1007/s00382-010-245 
0789-z. 
Hafez, Y. Y. (2011). Relationship Between Geopotential Height Anomalies Over North America and 
Europe and the USA Landfall Atlantic Hurricanes Activity. The J. Amer. Sci., 7, 6, 663-
671. 
Hafez, Y. Y., (2008a). The teleconnection between the global mean surface air temperature and 
precipitation over Europe. J. Meteorology UK ;33(331):230-236. 
Hafez, Y. Y., (2008b). The role played by blocking over the Northern Hemisphere in hurricane 
Katrina. The J. Amer. Sci., 4, 2, 10-25. 
Hafez, Y. Y. (2007). The connection between the 500 hpa geopotential height anomalies over Europe 
and the abnormal weather in eastern Mediterranean during winter 2006. I. J. 
Meteorology, U. K., Vol., 32, No., 324, pp: 335-348. 
Hafez, Y. Y. (1997). Concerning the role played by blocking highs persisting over Europe on weather 
in the eastern Mediterranean and its adjacent land areas. Ph. D. THESIS, Cairo 
University, Egypt. 
Hurrell, J. W., (1995): Decadal trends in the North Atlantic Oscillation: Regional temperatures and 
precipitation. Science, 269, 676-679. 
Kalnay, E. & Coauthors, (1996). The NCEP/NCAR Reanalysis 40-year Project. Bull. Amer. 
Meteor. Soc., 77, 437-471. 
Lejenas, H., 1989: The sever winter in Europe 1941-42: The large-scale Circulation, cut-off lows, 
and blocking. Bull. Amer. Meteor. Soc., 70, 271-281.  
Meehl, George A.; Tebaldi & Claudia (2004). More Intense, More Frequent, and Longer Lasting 
Heat Waves in the 21st Century. Science 305 (5686): 994. doi:10.1126/science.1098704. 
Namias, J., 1964: Seasonal persistence and recurrence of European blocking during 1958-60. Tellus, 
6, 394-407. 
Razuvaev, V.; Groisman, P. Y.; Bulygina, O.; Borzenkova, I. (2010). Extreme Heat Wave over 
European Russia in Summer 2010: Anomaly or a Manifestation of Climatic Trend? 
American Geophysical Union, Fall Meeting 2010, abstract #GC33A-0926. 
Rex, D.F. (1950a). Blocking action in the middle troposphere and its effect upon regional climate. (I) 
An aero logical study of blocking action. Tellus;2:196-211. 
Rex, D.F. (1950b). Blocking action in the middle troposphere and its effect upon regional climate. (II) 
The climatology of blocking action. Tellus ;2:275-301. 
Rex, D.F. (1951). The effect of Atlantic blocking action upon European climate. Tellus ;3:100-11. 
Rogers, J. C. (1985). Atmospheric circulation changes associated with the warming over the 
northern North Atlantic in the 1920s. J. Climate Appl. Meteor., 24, 1303–1310. 
Rogers, J. C. & McHugh, M. (2002). On the separability of the North Atlantic Oscillation and 
Arctic Oscillation. Clim. Dyn., 19, 599– 608. 
Spiegel, M. R., (1961). Theory and Problems of Statistics, Schaum, PP, 359. 
Stott, P. A., Stone, D. A. & Allen, M. R. (2004). Human contribution to the European heat wave of 
2003. Nature 432, 610-614. 
www.intechopen.com
Atmospheric Model Applications
Edited by Dr. Ismail Yucel
ISBN 978-953-51-0488-9
Hard cover, 296 pages
Publisher InTech
Published online 04, April, 2012
Published in print edition April, 2012
InTech Europe
University Campus STeP Ri 
Slavka Krautzeka 83/A 
51000 Rijeka, Croatia 
Phone: +385 (51) 770 447 
Fax: +385 (51) 686 166
www.intechopen.com
InTech China
Unit 405, Office Block, Hotel Equatorial Shanghai 
No.65, Yan An Road (West), Shanghai, 200040, China 
Phone: +86-21-62489820 
Fax: +86-21-62489821
This book covers comprehensive text and reference work on atmospheric models for methods of numerical
modeling and important related areas of data assimilation and predictability. It incorporates various aspects of
environmental computer modeling including an historical overview of the subject, approximations to land
surface and atmospheric physics and dynamics, radiative transfer and applications in satellite remote sensing,
and data assimilation. With individual chapters authored by eminent professionals in their respective topics,
Advanced Topics in application of atmospheric models try to provide in-depth guidance on some of the key
applied in atmospheric models for scientists and modelers.
How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:
Yehia Hafez (2012). Blocking Systems Persist over North Hemisphere and Its Role in Extreme Hot Waves over
Russia During Summer 2010, Atmospheric Model Applications, Dr. Ismail Yucel (Ed.), ISBN: 978-953-51-0488-
9, InTech, Available from: http://www.intechopen.com/books/atmospheric-model-applications/blocking-
systems-persist-over-north-hemisphere-and-its-role-in-extreme-hot-waves-over-russa-during-s
© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Attribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
